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Abstract

This paper presents an improved RAO algorithm, named LILRAO algorithm, to address the chal-
lenges associated with difficult parameter tuning for the 2-DOF PI controller and the tendency of
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the RAO-1 algorithm to converge to local solutions. The proposed algorithm focuses on parameter
tuning for a permanent magnet synchronous motor. To prevent the algorithm from being trapped
in local optima, a reverse learning strategy based on lens imaging is introduced and integrated in-
to the population update process of the RAO algorithm. Moreover, the Tent chaotic map is em-
ployed for population initialization, thereby enhancing the algorithm’s global search capability. In
the PMSM speed loop, the traditional PI controller is replaced by the 2-DOF PI controller to en-
hance system tracking and disturbance rejection. Experimental results on test functions verify the
effectiveness of the LILRAO algorithm, while Simulink simulations demonstrate that combining
the LILRAO algorithm with the 2-DOF PI controller significantly improves the tracking perfor-
mance and disturbance rejection of the PMSM control system.
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Figure 1. Schematic diagram of reverse learning strategy based on lens imaging
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Table 1. Test function
= 1O R

ESRE4 B RIE B AR & WAE
Sphere f1=>"x [-100, 100] 0
i=1
Schwefel 2.22 f2=3" x|+ TT|x| [-10, 10] 0
i=1 i=1
n i 2
Quadric f3= Z(ZXJJ [1.28, 1.28] 0
=1\ j-1
18,
f4=-20exp| -0.2, |=>"x
ne
Ackley ' [-30, 30] 0
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Table 2. Test the experimental results of the function
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f2  172E+24 542E+25 A471E-05 3.82E+08 117E+10 118E-34 7.97E+10 563E+11 217E-07 1.18E-05 3.75E-04 0.00E+00
f3  172E+04 6.50E+03 158E+04 124E+03 9.15E+03 175E-18 3.60E+03 4.98E+03 7.43E+03 1.05E-06 3.31E-05 0.00E+00
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Figure 2. LILRAO algorithm for PMSM 2-DOF PI control system
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Table 3. Electric machine parameter

=3 BHlEH

ZH Hf S Hf
N/(r/min) 1000 B/(N'm's) 0.008
T/(N-m) 5 ol (Wp) 0.204

p 4 RAQ) 12.8
J(kgm?) 0.00017 La(Lg)/(mH) 302

FRB| RGP R EREE S, BT EREON N MRS E N 10; SRR ECH 305 4HHE T
51000, 3T LILRAO %) PMSM 2-DOF PI 45| 28 S50 2 L 1B R
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Step 3: MRAEIENEAE, e = BHURL T BEAT 2U(B) B Sl 27 T BB s s Aok 716 #6530 (2) (3) ik
TR .

Step 4: TFEHR TGN EE, HEER T, 2R E .

Step 5: HF K Step 3 & Step 4 B & i /L LM
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BE 1% 5 N'm, 78 1 s B8 500 r/min. 4] 3 Jy PI 4545 5 2-DOF PI 4% il &5 ¥ B LA 8 (14 0e) 17
2k, [E 4 R Pl 5128 5 2-DOF Pl 45 1] 5% () 56 3 15 22 Hh £5

WRIEE 3 5 4 458040, 2-DOF Pl £ 28%F b P12 28 B B 2038 RS R IR ER RS, 76 0.5 s 5
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Figure 3. PI controller and 2-DOF PI controller motor speed response curve
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Figure 4. PI controller and 2-DOF PI controller motor speed error curve
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Figure 5. Different algorithms of 2-DOF PI control the response curve of motor speed
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Table 4. Comparison results between controller parameters and simulation performance indexes
4 EHIRSH S E MR LS R

HEE T Kp Ki b Trls Mp/% Tsls Ess/%
GWO 3.0 0.01 0.04 0.0129 3.85 0.031 411
RAO 2.0 0.08 0.02 0.0112 2.11 0.030 4.01
CPSO 2.5 0.015 0.02 0.0152 3.56 0.0348 4.23

LILRAO 3.2 0.02 0.02 0.0112 1.72 0.025 3.66
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JERS R AR A B . ASSCR A TI A5 199 i 2 DSPTMS320F28335 il #%, i3 v s FH 471 I FE L 3 5
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Figure 6. Experimental platform
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Table 5. Comparison results between controller parameters and simulation performance indexes

5. RIS RS EM LM RERI AR

BE T Kp Ki b Trls Mp/% Tsls Ess/%
GWO 3.0 0.01 0.04 0.0113 2.2 0.024 5,51
RAO 2.0 0.08 0.02 0.0117 1.6 0.033 5.73
CPSO 2.5 0.015 0.02 0.0124 15 0.030 5.69
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Figure 7. Different algorithms of 2-DOF PI control the response curve
of motor speed in the hardware platform
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Figure 8. Current diagram of LILRAO algorithm in no-load mode
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